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HEATED DESORPTION ReSSn 

5 RELATED A ppLICATTnivrg 

«. appficaUon Cairns priori* „ a US Proton., Application Serfal 
No. 60/309.398 ffled ta Urn U.S. Paten, and Trademark Office on Angus, ,,2001. 

FIELD OF Tin? iNyENTION 
W mvendon reiates ,„ sotpdon concentrator, auch as a rotery sorption 
W concerns, for removing eonraminanrs from a gas abeam, hiding V o,affle organic 
compounds, wherein me sorpdon „„ its fcCude . M| ^ 

preferab, y an a,uminum foi, substeate, having convoluted aurfacca and paratte, 
channel extending ge„em,, y ^ „ „ direcUon of ^ gM ^ ^ ^ ^ 

sorption materia, and a source of electric n™,r.t 

ice or etectnc current connected to the foil substrate 

15 resistive,, heating the aubsuate during rhe desorb or regeneration cycte. 

BACKr.Bnr imp OF rm , MVFN7 . [ftM 
Section concentratom am devices ma, uae aorpdon pri„cip,es m capture 
comaminante in a di rty gaa abeam, pa«icu,ari y inCuding volad,e organic compounds 
The sorpdon process ge„em, ly utUi2es e it her adaorpoon materials or abaorpdon 
20 materia. Adsorption me ptoceaa b y which oontemrnante am removed from a gaa 
abeam through adhemnce of Urn co„temi„an,s ,o me surface o, ,he adsorption 
materia,. Abaction is me process of absorbing «he conteminan* i„,o ,he inner 
s-rucom of me absorbent Aunoogh ,here am man y typ ea of sotption concenfraters 
on dre market, the y can be categorized into ,„„ categories. „ame, y (i) flxe d bed ty pe 
25 and (ii) moving bed , y pe inCuding ro «ar y concenfiaters aa disCosed, for examp,e. in 
Prior U.S. Paten, No. 5.693.123 assigned ,o the assignee of Otis appncation. 

As w,„ be undersmod b y Utose skffled in ,his arf. dre efficiency of action 
devices is a function o, dre type and q „a„u, y „, ,„e section materia, used. The 



sorpdon materia, may include , fa eimpte carbon ^ ^ ^ 

polymers for removal of VOIaMe ^ ^ a ^ strMm o ^ jn _ 

.he sorpdon materia, gnaduauy altains saturatjon , ^ ^ ^ 

materia, reaches , he maximum hokhng capaci,y of ,he con^ once aa.ur.don 
5 ,s reached, the sorpdon concent ceases „ ^ ^ ^ ^ ^ ^ 
e,«her recced or regenerated. In mos, cases, in 8itu Kgenerali<>n of SOIpU(m ^ 
■s far more economica, man ^placemen, Convent,, regeneration fa ^ 
by aupp.ying hear to me sorpdon ma teriaI by mcails of ^ , ^ rf ^ 

clean gas, genetnHy heated ai, over the aorpdon „. This me,hod men includes 
10 (i) headng me fluid, „ olea „ ^ w ^ ^ ^ ^ ^ ^ 

thud to me sorpdon materia,, flu) contec baween the hot fluid and the sorpdon 

matedal, and flv) sweeping away the spent fluid along with the re ,eaaed contaminante. 

generally back to the inlet of the concentrator Th. », 

"ie concentrator. The steps involved in thia method 

make it complicated and costly .„ manufaCure and operate. 
15 The prior „ also includes various meana of heating ,he aorpdon units „ f a 

—a,., mduding rotary concenhatera. Por „, me „ s 

Paten, No. 5,693,,* discloses a rotary concentrator wherain the sorption urn, are • 
formed by exuding a starry c„ ntaintag . ^ ^ ^ ^ ^ ^ ^ 
having parafle, paaaagea and. in one embodiment, an elecdcally condncdve materia, 
20 is added to the starry, such as carbon or mera, ahavinga. However, the dcsorpdon 
pmcess includes directing a ho. de^rb gaa through the b.„cks to remove irapurities 
fton, me paaaagea. US. Paten, No. 5.505.325 disctases an Cechicafly condncdve 
sorption system inctading an etechiciy conducive sorben, ber, having a muldphcHy 
n, adaorpuon cites. U.S. Paten, No. 5.972,077 msctases a aystem for separating gaaca 
25 which include, an adaotpdon member formed of a camon flber composite mo,eeu,ar 
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sieve for adsorption of carbon dioxide and hydrogen sulfide, wherein a voltage is 
applied to the adsorbent member causing the adsorbed molecules of the gas to be 
desorb. Finally, U.S. Patent No. 5,501,007 discloses a method of producing sorbing 
sheets and laminates for removing gaseous bodies such as water vapor, organic 
5 solvent vapor and odor constituents having a honeycomb construction formed of 
convoluted thin sheets of ceramic fiber with electrically resistive wires adhered to the 
sheets. An electrical current is impressed across the resistive wires to heat the sorbing 
sheets during the desorb cycle. The prior art also includes automotive catalytic 
converters with honeycomb or corrugated metal strips, although catalytic converters 

10 are not considered related art to sorption concentrators. 

The prior art still fails to disclose a simple and inexpensive construction for 
sorption concentrators wherein the sorption units may be rapidly heated during the 
desorb cycle to regenerate the sorption material without the requirement of directing a 
stream of hot fluid over the sorption material. 

15 SUMMARY OF THE INVENTION 

As set forth above, the sorption concentrator of this invention is adapted to 
remove contaminants in a gas stream, particularly but not exclusively including 
volatile organic compounds. The sorption concentrator thus includes a plurality of 
adjacent sorption units which are generally rectangular in construction, a gas flow 

20 system directing gas to be cleaned through a majority of the sorption units during a 
sorption cycle and directing a separate clean gas stream through the remaining 
sorption units during a desorb or regeneration cycle. Where the sorption concentrator 
of this invention is a rotary concentrator of the type disclosed in the above-referenced 
U.S. Patent No. 5,693,123, the rotary concentrator includes a rotating frame for 

25 mounting the sorption units having a predetermined rotational cycle and the gas flow 



system directs dirty gas to be Oeaned to a majority of «he rotation., cyc.e of the frame 
during the sorption cycie and dieting a separate eiean gas stream over a smaiier 
pereentage of the rotationa! cycie of the frame during the desorb or regeneration 



cycle, 



5 The sorption mit5 „ f ^ sorttim oo-««n*«- of this invention each include a 

semi-conductive foil substrate, moa, preferably an atominum fofl substrate, having 
confuted surfaces and paraflel passages extending ge„era Uy paraHe, to a direcuon 
of the flow of gas during me sorption and desorb cycles coated with a sorption 
material, and a source of electrical current connected to the aemi-conductive foi! 
10 substrate resistive* hearing the sorption „m K during the desorb cycle. Although 
various materials may be selected for the semi.ondncdve foi, substrate, aiuminum 
foil has the advantages that it may be easily and economically formed into the desired 
shape and rapitUy hea, during the desorb or regeneration cyde, eliminating the 
requirement for directing a ho, gas stream over or through the sorption materia! 
15 during the desorb cycle. 

In the preferred embodiment, the ahtminum foi, substrate has a thickness of 
between 0.005 mm and 2 mm, more preferably between 0.05 to 1 mm and most 
preferably between 0.1 mm and 0.3 mm. h, toe most preferred embodiment, the seroi- 
conductive foil substrate is formed into a honeycomb construction which can take 

20 several forms. The preferred embodiments include a plummy o, paraUe, curvilinear 
or comtgated semi-conductive foil sheas each affixed to a p,a„ar sheo. and bonded 
together to form a unitary honeycomb strucum having a ptorslity of amafl paraflel 
passages. In one embodiment, the corntgauons am triangular aod in another disposed 
embodiment, the commons at. curvibnear. Alternatively, the semi-eonducnve foi. 

25 subacute may be formed of thin parafle, tubes which are bonded together to form toe 
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substrate. He tubes may be circular or any ^ 

polygonal tubes providing plana, surface, for fc^ tubes ^ ^ fte 

sorption units. 

The selection of the sorption will depe „ d ^ fte for ^ 

5 sorption concentrator as is known in this art. !» the prefer embodiment o, the 
sorption concent for removing volatile organic compounds torn a gas sbeant, the 
sorpdon material is se.ec.eo from the group consisting of activated carbon, zmliK and 
porous polymers. The semi-conducive foil s„bstea.e may be coated with the septic, 
materia, by conventional mean,, inducing faming a sluny of me sorption materia! 
10 and a suitabte binder, dipping the semi^onducUve honeycomb foil substea,e into me 
shiny and allowing the slurry to dry and generafly includes heating the sllui y to 
mmove the sofven. and dry fte sorption material on the semi-conductive foii 
substrate. 

As win be understood torn the summary of thia invention, the elearicaUy 
15 heatabte sorption u„ its „, W , invention .ay be eaai.y and inexpensive* fabricated a, 
a relatively low cos, and the sorption units wffl heat rapidiy during the desorb or 
regeneration cycle, whemin me dean gaa sweeps away the contaminants acted 
during the sorption cycle without requiring directing a abeam of ho. fluid over the 
sorption materia!. Outer advantages and meritorious feafaes of the sotption 
20 concentrator of mis invention wiU be more ful.y „„ demood flom th. foUowing 
description of the preferred embodiments, the appended Cairns and the drawings, a 
brief description of which follows. 

BRIEF DRRPPTPTTr^ivT OFTHF nRA yy^gs 

Figure 1 is a top view of one embodiment of a rotary concentrator of this 
25 invention; 
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Ml 3C «a 8 e *J n+ db ||«« 
Figure 2 is a partial side elevational view of Figure 1; 
Figure 3 is . partial side view of Hgure 1 in the direction of view arrows 3-3; 
Figure 4 is an enlarged view of Figure 3; 

Figure 5 is a side view similar to Figure ^ nf Qn ,u 

ui<tr io rigure 3 of an alternative embodiment of a 

5 sorption unit of a concentrator of this invention; 

Figure 6 is a side view of an alternative embodiment of a sorption unit of a 
concentrator of this invention; and 

Figure 7 is a side view similar to Figure 3 of a further alternate embodimen, 
of a sorption unit of a concentrator of this invention. 
10 DESCRIPTION OF THE PRFmr» PP r. P MBOI>TMEMTO 

As set forth above, the sotption concentrator of Ms invention my ^ ^ 
senary or rotary. Hgure , shows a ,„ rf ^ ^ 

20 incorporating the impIoved elcctn(;aIIy ^ ^ ^ ^ 

invention. As „„, „ y ^ ^ ^ ^ ^ ^ ^ ^ ^ 

15 supported on a rotary tone elenten. (no, shown), such mM the ^ ^ 22 - 
totated or indexed about the centra, axis as shown, for example, by arrow 24. Tne 
rotary concentrator 20 is generaHy endosed within a housing or p ,enum (no. shown) 
which receives the fluid, generally gas, ,o be cleaned and the dirt, gas then flows 
enough the sorption units 22 generally fto ra «b e ^ „ ^ ^ m ^ fcy 

20 arrows 26, but the flow can also be reverse,. The clean gas m ay then be vented ,o 
atmosphere. As the rotary concentrator 20 is indexed, one of the sorption „ nits is 
received in a desorb or regeneration plenum 28, wherein clean gas such a s air is 
introduced „„der pressure throng* i„,e, 30 and me conraminants removed torn me 
sorption unit is discharged through outle, 32. T*e oufle. 32 is generaily connected to 

25 the inlet of me rotary concentrator to remove COBtmdm ^ ^ ^ 
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m unit during rcgMeratio , As mus fa ^ ^ ^ 

be conventional as disclosed i„ dte above-referenced U.S. Patent No. 5,693, 123. 

Hgums 2 to 4 idusteate one prefer anbodimen, of an eIectricalIy 
conductive sorpdon uni, 22 o, this invendo, me eIectrica) , y ^ 
5 unite each inch.de a ^y housing ^ aj ^ fa ^ ^ ^ 

open ends 36, which receive the gas, a„ d « electtca| , y 

sorption „„ it 38 is „ in each „ fa ^ ^ fc ^ ^ ^ 

sorpdon unite 38 shown in ntore detai, in Hgnrea 2 te 4, the honeycomb conauocrion 
includea a p,urali«y of paraUel corrugated sheets, preferabiy fonned of ahuninunr fibn 
10 40, separated by pianar sheets o, ahuninum fihn 42, fanning . semi-conducdve 
honeyco mb substrate or mad* having paraHe. channel 44. As shown in Kgure 4, 
•he substrate is coated with a aorpdon materia! 46 auch .hat contaminant in ,he dirty 
gas directed Ihtough the channel 44 are sorbed by the aorpdon materia, 46 eidrer by 
adsorption or absorption. 

15 As shown i„F,g„re.,a,I but one of the stnpdon unite 22 are receiving "dirty 

gas" or gaa containing contaminants, auch aa volatile organic compo.mda, during 
norma, opemdon of the rotary concentrator 20. As the rotary concentrator rotates or 
indexes as shown by arrow 24| one of the sorpdon unite is ^ in ^ 
or desorb p,e„um 28, whemin Cean gaa ,s receded through Met 30 and directed 
20 throngh me para,,e, Ctenne,s 44 shown in F ,g» res 3 and 4 to remove me contaminants 
from me so,do„ materia, 46 regeneradng the aorpdon uni, !„ a convendona, rotary 
concentrator of the type shown in Hgum heated gaa is dieted te# me sorpdon 
unit for re^neradon. However, with the electrical* conducdve aorpdon unite 22 of 
this invendon, the requirement for healed gaa for region la ehminated. tastead 
25 an electric cunen, la connect t o the send-conducrive substrate o, the honeyconrb 



sorption „ni, 38 in the desorb p,e„„m 28. as shown schematically a, 48 in Kgllre ,, 
which rapidly hetus the substrate induding the comigated sneeK „„ ^ pW ^ 
42, thereby heating the sorption material 46 shown in Ftgure 4. The olean gaa than 
sweeps awa, the contaminants, regenerating dre aorpUon uai. without requiring 
5 heating of the desorb gas. 

In the preferred embodiment of the sorption concentrator of this invention, the 
substrate is formed of relatively «hi„ sheets of aluminum or aluminum foil ,o p rom „te 
rapid hearing of the substrate. As wffl be understood, however, other semi-conducUve 
substrates may be ulilized. Aluminum foil is prefelre d because i, heata rapidly with a 
10 minimal electric current and is eaaily fabricated into a honeycomb configuration by 
tatown techniques. The corrugated and planar sheets 40 and 42, tespecdvely, am 
preferably bonded togemer to fotm a unitaty honeycomb substrate, wherein the 
corrugated and planar sheets are in electrical contact as shown in Figure 4. The 
bonding of the sheete may be accomplished by any suitable means including brazing, 
15 welding or * of an electrically conductive adhesive. When the honeycomb substmte 
is formed, the sorption material 46 may be bonded to the substrate by forming a alumy 
of particulate sorption material, preferably selected from the group consisfing of 
activated carbon, zeolite or porous polymers for removal of volad.e organic 
compounds, a suitable bonding agent and generally induding a solve*. The substrate 
20 is then dipped into the slurry, removed and permitted to dry, wherein ,he substrate 
may be heated to remove the solvent This method of coaling a substrate is known in 
.he art and therefore no farther descriplion ia required. The preferred electrical 
resistivity of the substeate wil, depend upon «he materia, aeleeted for <he substrate and 
the thickness of the substrate. In the preferred embodiment, wherein the substrate ia 
25 formed from aluminum foil, the aluminum foil substrate has a thickness of between 



0.005 mm and 2 mm, more preferably between 0.05 mm and 1 mm and most 
preferably between 0.1 mm and 0.3 mm, such that the substrate may be easily 
fabricated and rapidly heats during the desorb cycle or regeneration as described. 

Figures 5 to 7 illustrate alternative embodiments of the honeycomb 
5 construction for the sorption units 22 shown in Figure!. In Figure 5, the honeycomb 
construction is formed by a plurality of nested hexagonal tubes 48. The advantage of 
this configuration is that the planar side faces of the nested hexagonal tubes 48 
. provide surface to surface contact for bonding, providing a more rigid structure which 
may be easily fabricated by conventional methods. As will be understood, various 
10 polygonal tubes may be utilized. Figure 6 illustrates an alternative embodiment of the 
honey construction shown in Figure 3, wherein the corrugated sheets 50 are 
curvilinear or sinusoidal, rather than triangular as shown in Figure 3, providing a 
greater surface ama for bonding to the parallel sheets 52. Finally, the honeycomb 
structure shown in Figure 7 is formed by a plurality of circular tubes 54 which are 
15 bonded together as described above. Alternatively, the circular tubes 54 may be 
nested. After forming the honeycomb construction shown in Figures 5 to 7, the 
honeycomb is coated with a sorption material as described above and shown at 46 in 
Figure 4. The honeycomb construction is preferably formed into a generally 
rectangular block and received in a housing, such as shown at 34 in Figure 2, and used 
20 in a concentrator such as the rotary concentrator 20 shown in Figure 1. That is, the 
fluid or gas to be cleaned flows through the channels of the honeycomb construction 
as shown by arrows 26 and the substrate is heated by an electrical current 48 in the 
regeneration chamber or desorb plenum 28 as described above. 

As will be understood by those skilled in this art, various modifications may 
25 be made to the concentrator of this invention within the purview of the appended 
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claims. For example, the electrically conductive sorption units 22 may be utilized in a 
stationary concentrator, wherein one of a plurality of sorption units is heated by 
electric current during the regeneration cycle of the sorption units. Various other 
configurations of honeycomb construction may also be utilized. In the preferred 
5 embodiments, the channels to the honeycomb construction are generally parallel to 
provide laminar flow through the electrically conductive sorption units. Further, other 
materials may be utilized for the substrate, provided that resistive heating of the 
substrate occurs when an electrical current is applied to the substrate as described. 
Having described the preferred embodiments of the sorption concentrator of this 
10 invention, it is now claimed, as follows: 
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CLAIMS 

1. A sorption concentrator for removing contaminants from a gas stream, 
comprising: 

a plurality of adjacent generally rectangular sorption units; 
5 a gas flow system directing gas to be cleaned through a majority of 

said plurality of sorption units during a sorption cycle and directing a separate clean 
gas stream through the remaining sorption units during a desorb cycle; 

said plurality of adjacent sorption units each including a semi- 
conductive foil substrate having convoluted surfaces and channels extending 
10 generally parallel to a direction of flow of said gas to be cleaned during said sorption 
cycle and said clean gas stream during said desorption cycle coated with a sorption 
material; and 

a source of electrical current connected to said semi-conductive foil 
substrate rapidly resistively heating said remaining sorption units during said 
15 desorption cycle. 

2. The sorption concentrator as defined in Claim 1, wherein said semi- 
conductive foil substrate is formed of aluminum foil. 



20 



3. The sorption concentrator as defined in Claim 2, wherein said 
aluminum foil substrate has a thickness between 0.005 mm and 2 mm. 

4. The sorption concentrator as defined in Claim 1, wherein said 
aluminum foil substrate has a thickness of between 0.005 mm and 2 mm. 
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5. The sorption concentrator as defined in Claim 2, wherein said 
aluminum foil substrate has a thickness of between 0.05 mm and 1 mm. 

6. The sorption concentrator as defined in Claim 2, wherein said 
aluminum foil substrate has a thickness of between 0.1 mm to and 0.3 mm. 

7. The sorption concentrator as defined in Claim 1, wherein said semi- 
conductive foil substrate comprises a honeycomb formed of a piurality of generally 
parallel corrugated semi-conductive foil sheets.each affixed in electrical contact to a 
generally planar semi-conductive base sheet and coated with a sorption material. 

8. The sorption concentrator as defined in Claim 1, wherein said semi- 
conductive foil substrate comprises a plurality of parallel tubes in electrical contact 
formed of a semi-conductive foil coated with a sorption material extending parallel to 
said direction of flow of said gas to be cleaned during said sorption cycle and parallel 
to said clean gas stream during said desorb cycle. ' 

9. The sorption concentrator as defined in Claim 1, wherein said sorption 
material is selected from the group consisting of activated carbon, zeolite and porous 
polymers bonded to said semi-conductive foil substrate. 
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10. A rotary concentrator, comprising: 

a rotating frame for mounting a plurality of sorption units having a 
rotational cycle; 

a plurality of adjacent sorption units mounted on said frame; 

a gas flow system directing gas to be cleaned through a majority of 
said rotational of said frame during a sorption cycle and directing a separate clean 
desorb gas over a smaller percentage of the rotational cycle of said frame during a 
desorb cycle; 

each of said sorption units including an aluminum foil substrate having 
convoluted surfaces and channels extending generally parallel to a direction of flow of 
said dirty gas to be cleaned during said sorption cycle and said clean desorb gas 
during said desorb cycle and said aluminum foil substrate coated with a sorption 
material; and 

a source of electrical current connected to said aluminum foil substrate 
resistively heating said aluminum foil substrate during said desorb cycle. 

11. The rotary sorption concentrator as defined in Claim 10, wherein said 
aluminum foil substrate has a thickness of between 0.005 mm and 2 mm. 

12. The rotary sorption concentrator as defined in Claim 10, wherein said 
aluminum foil substrate has a thickness of between 0.05 mm and 1 mm. 

13. The rotary sorption concentrator as defined in Claim 10, wherein said 
aluminum foil substrate has a thickness of between 0.1 mm and 0.3 mm. 
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14. The rotary sorption concentrator as defined in Claim 10, wherein said 
aluminum foil substrate comprises a honeycomb formed of a plurality of parallel 
corrugated aluminum foil sheets each affixed in electrical contact to a generally planar 
base sheet and said sheets coated with said sorption material. 

15. The rotary sorption concentrator as defined in Claim 14, wherein said 
corrugated aluminum foil sheets affixed to said planar aluminum foil sheets are 
stacked in parallel relation and electrical contact and enclosed in a generally 
rectangular housing having open ends defining said sorption units. 

16. The rotary sorption concentrator as defined in Claim 10, wherein said 
aluminum foil substrate comprises a plurality of aluminum tubes affixed together in 
electrical contact extending generally parallel to the direction of said dirty gas flow 
during said sorption cycle and said clean desorb gas during said desorption cycle. 

17. The rotary sorption concentrator as defined in Claim 10, wherein said 
sorption material is selected from the group consisting of activated carbon, zeolite and 
porous polymers affixed to said aluminum foil substrate by a binder. 

18. The rotary concentrator as defined in Claim 10, wherein said 
aluminum foil substrate comprises a plurality of nested regular polygonal aluminum 
tubes having planar surfaces and electrical contact and bonded together to form a 
honeycomb. 
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ABSTRACT 

A sorption concentrator for removing contaminants from a gas stream 
comprising a plurality of sorption units, each having a semi-conductive honeycomb 
substrate having convoluted surfaces and parallel channels coated with a sorption 
material, a gas flow system directing gas to be cleaned, through a majority of the 
sorption units and directing clean gas through the remaining sorption units during a 
regeneration cycle, and a source of current connected to the semi-conductive foil 
substrate resistively heating the soiption units during the regeneration cycle. The 
honeycomb construction is preferably formed of aluminum providing rapid heating 
and eliminating the requirement for heated desorb gas. 
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